Abstract
Introduction
Falls and balance/walking difficulty are significant concerns in older adults. Nearly one in four adults aged �65 years fall annually [1] . Among those who fall, 20%-30% sustain serious injuries [2] . While falls are multifactorial, balance and gait disorders are major risk factors [3] . Falls and balance/walking difficulty precipitate institutionalization, functional declines, activity restrictions, fears of falling, and recurrent falls [2, [4] [5] [6] [7] .
A cancer survivor is a person from the time of cancer diagnosis until death [8] . Approximately 50% of new cancers each year are diagnosed in people aged �65 years [9] . Research suggests that fall rates are higher in older cancer survivors than non-cancer individuals (33% vs. 30% in a community-dwelling sample [10] and 26% vs. 22% among Medicare beneficiaries [11] ). In a study of cancer survivors in outpatient setting, balance/walking difficulty (19.4%-23.9%) was identified as the leading functional problem [12] . Older women post-cancer diagnosis <5 years were more likely to report "unable to walk a half mile" than non-cancer controls (ORs = 1.34-1.92) [13] . In older cancer survivors, faster walking speed predicted lower mortality [14] . Walking likely reflects function of physiologic systems that may be affected by cancer.
In older cancer survivors, falls and balance/walking difficulty are linked to poor quality of life [15, 16] . Common risk factors for falls in older adults, including age, gender, polypharmacy, and opioid use are not predictive of falls in older cancer survivors [17, 18] . A history of falls, impaired cognition or vision, psychotropic drugs, comorbidity, and balance/walking disorders are associated with falls in cancer survivors [17, [19] [20] [21] [22] [23] . Balance/walking difficulty in survivors were primary examined in the context related to cancer treatment. Breast cancer survivors had reduced balance after Taxane chemotherapy [24] . Prostate cancer survivors receiving androgen deprivation therapy (ADT) had greater declines in balance over 3 years than survivors without ADT or non-cancer controls [25] . Research about factors linked to balance/walking difficulty in cancer survivors is sparse.
Sequelae associated with cancer and cancer treatments vary widely across cancer types [26] [27] [28] . As such, investigating factors linked to falls and balance/walking difficulty in each cancer is necessary. Using population-based data, this study aimed to identify factors linked to self-reported falls and balance/walking difficulty in the past 12 months in older survivors of breast, colorectal, lung, and prostate cancer.
Methods

Design and data
This observational, cross-sectional study was approved by Institute Review Board of University of Michigan-Flint. SEER includes cancer-related information, such as cancer diagnosis, cancer stage, time of diagnosis, histology, and cancer treatment, except for chemotherapy and hormonal therapy [29] . MHOS collects demographics and patient-reported outcomes in health, function, symptoms, and quality of life [29, 30] . Centers for Medicare & Medicaid Services administers MHOS to randomly selected beneficiaries of Medicare Advantage Organizations each year, and participants are resurveyed 2 years later [29, 30] .
Participants
We extracted data from cohorts 9-14 (January 2006-December 2014) from SEER-MHOS linkage. Inclusion criteria were: age at cancer diagnosis �65 years, first primary breast, colorectal, lung, or prostate cancer, first MHOS completed from each participant during years 1-5 postcancer diagnosis, and availability of cancer staging information. Applying these criteria resulted in 9,540 survivors (breast = 2,725, colorectal = 1,646, lung = 752, and prostate cancer = 4,245). These four cancer diagnoses were chosen because they are the most prevalent cancer types in adults aged 65 years and over [31] . Additionally, previous research has indicated that the prevalence of falls and balance/walking difficulty increased from pre-to postcancer diagnosis in older breast, lung, and prostate cancer survivors [32] . 
Primary outcomes
Falls and balance/walking difficulty were determined by two MHOS questions: (1) "A fall is when your body goes to the ground without being pushed. Did you fall in the past 12 months?" (2) "In the past 12 months, have you had a problem with balance or walking?" Responses were "no" (coded as 1) or "yes" (coded as 2). Table 1 provides detailed descriptions of variables. Demographics included gender, race, and marital status. Health-related variables included number of comorbidities (arthritis, osteoporosis, angina, congestive heart failure, myocardial infarction, stroke, hypertension, emphysema/asthma/chronic obstructive pulmonary disease, diabetes, low back pain, and obesity), limitation in moderate activities, number of activities of daily living (ADL) dependence, fatigue, depression, urinary incontinence, visual, hearing, or sensory impairments, and pain interfering with work. Cancer-related variables included age at cancer diagnosis, time since cancer diagnosis, cancer type, stage, surgery, and radiation. The time since cancer diagnosis was from the time of cancer diagnosis to the time when a participant completed the MHOS.
Variables
Statistical analysis
Statistical analyses were performed using IBM-SPSS 24 (IBM Corp., Armonk, NY). Analyses were conducted relating to each primary outcome separately for each cancer. Descriptive statistics were calculated for sample characteristics. Univariable logistic regression was performed to examine associations of each factor with primary outcomes. Subsequently, all demographic, health-and cancer-related variables were entered into multivariable logistic regression models to identify independent factors linked to each of the primary outcomes. Multicollinearity was determined by variance inflation factor �4 [33] . Model fit was assessed by Hosmer and Lemeshow test [34] . Two-sided significance level was p<0.05.
Results
Sample characteristics
Average age at MHOS administration was 76. 
Univariable analyses
As shown in Tables 2-5 , in breast, colorectal, and prostate cancer, being white and unmarried were associated with increased odds of falls. In colorectal cancer, women were more likely to report falls than men. In all cancer types, all health-related factors were associated with increased falls. Except for lung cancer, advancing age at cancer diagnosis was associated with increased falls. In breath cancer, local or regional cancer stage was associated with increased risk of falls, whereas radiotherapy was associated with decreased falls. On the other hand, surgery in prostate cancer were associated with decreased falls.
Tables 2-5 also present the results from univariable analyses of factors linked to balance or walking difficulty. In colorectal cancer, women were more likely to report balance/walking difficulty than men. Being unmarried was associated with balance/walking difficulty in breast, colorectal, and prostate cancer. All health-related factors and advancing age at cancer diagnosis were associated with balance/walking difficulty in all cancer types. Regional or distance cancer stage in breast cancer and distance cancer stage in prostate cancer were associated with difficulty in balance/walking. In both breast and prostate cancer, treatment with surgery and radiation was associated with reduced odds of balance/walking difficulty. Surgery also was associated with reduced balance/walking difficulty in lung cancer. 
= Yes 2 = No
Hearing problem Able to hear most of the things people say (with a hearing aid if that's how one hears best).
Sensory impairment in feet Numbness or loss of feeling in feet, tingling or burning sensation in feet especially at night, decreased ability to feel hot or cold with feet during the past 4 weeks. 
Multivariable analyses
Multivariable regression revealed that ADL dependence and advancing age at cancer diagnosis were independent factors for falls and balance/walking difficulty in all cancer types (Tables  2-5 ). Comorbidity was another significant independent factor linked to falls and balance/ walking difficulty in breast, colorectal, and prostate cancer. Additionally, in all cancer types, depression was independently associated with falls, whereas sensory impairment was independently associated with balance/walking difficulty. Urinary incontinence was significantly associated with falls in breast, lung, and prostate cancer. In breast cancer, localized or regional cancer stage was an independent factor for increased falls and regional cancer stage was linked to balance/walking difficulty. Radiation was associated with reduced falls in breast cancer.
Discussion
The impact of falls and balance/walking difficulty on health outcomes may be under-recognized in older cancer survivors. Only 10% of survivors with a recent fall had their falls documented by oncology clinicians [35] . Balance/walking difficulty is rarely recorded in outpatient oncology settings [12] . Current findings bring important insight about factors related to falls and balance/walking difficulty within each of four major cancers in older survivors based on population-based data. This study suggests significant factors that may be integrated into clinical screening algorithms to identify older breast, colorectal, lung, and prostate cancer survivors at risk of falling or developing balance and walking difficulty. In order to optimize function and reduce long-term disability, fall prevention in cancer survivors has been recommended as the top priorities by key stakeholders, including National Cancer Institute, National Center for Medical Rehabilitation Research, and American Congress of Rehabilitation Medicine [36, 37] . Screening is an essential first step in preventing falls and improving balance or walking ability after cancer diagnosis. We found that among older survivors who were one to five years after the diagnosis of breast, colorectal, lung, or prostate cancer, 20%-26% reported falls and 28%-45% reported having balance/walking difficulty in the past 12 months. Analyses of Medicare/Medicaid beneficiaries showed that 26%-33% of older cancer survivors had falls [10, 11] . Methods for measuring falls in previous studies were unclear [10, 11] . MHOS collects information of falls by asking about the occurrence of falls in the past 12 months [29] . Recall bias and underreporting Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors of falls [38] likely contributed to lower fall rates in MOHS data. Previous research reported that 46% of Medicare beneficiaries had mild-severe limitation in walking as determined by four questions about difficulty, assistive devices, and need for assistance during walking [39] . This study determined balance/walking difficulty based on one MHOS question, which may not reflect the full spectrum of balance skills and walking ability. In this study, univariable analyses showed that a majority of factors associated with falls and balance/walking difficulty are similar across four cancer types. However, after multivariable analyses, independent factors of falls and balance/walking difficulty that are unique to each cancer type emerged. Additionally, within each cancer types, not all independent factors of falls were linked to balance/walking difficulty and vice versus. Cancer sequelae are specific to each cancer type [40] and therefore, likely have different impacts on body functions that are important in preventing falls and controlling balance and walking. Falls and balance/walking difficulty may have some common determinants, but each has a different construct. The control of balance skills and walking requires postural alignment, muscle strength, perceived stability limit, sensory integration, anticipatory and reactive postural reactions, and cognition [41] . While impairment in balance and walking is a major risk factor of fall, the causes of falls is multifactorial and involve other factors, such as prior falls, age, race, gender, medications, use of assistive devices, comorbidities, depression, and environmental hazards [3, 17] . Research of the general geriatric population has demonstrated that the relationship between falls and walking ability as measured by gait speed is not linear [42] . Older adults with higher and slower gait speed were more likely to fall than those with normal gait speed [42] . Taken together, risk factor profiles of falls and balance/walking difficulty in older survivors likely differ within each cancer type. Falls and balance/walking difficulty may need to be examined as major health outcomes separately.
White race was independently associated with falls in breast and prostate cancer. Race was not an independent factor of balance/walking difficulty in any cancer type. Previous research of older cancer survivors did not find fall rates to differ between white race vs. others [19, 43] . In cancer survivors treated with chemotherapy, white race was associated with increased risk of injurious falls [44] . A U.S. population-based study revealed that the percentages of older Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors adults with falls in the past 3 months were 27.8% in American Indian, 17.4% in Hispanic, 13% in black/Asian/pacific islanders, and 15.8% in white [45] . This low fall rate in whites in the general geriatric population was in contrast to current findings of an increased odd of falls in white survivors. In early stage breast cancer, racial disparities in treatments have been reported, with black less likely to received standard care than white [46] . Recent populationbased research with a larger sample size reported that in late stage breast cancer, racial difference in cancer treatment was not observed [47] . Additionally, non-significant borderline associations indicated that white women were more likely to receive chemotherapy and had worse mortality rate in comparison with black women [47] . Whether the interplay between race and cancer treatment affects the outcomes of falls and balance/walking difficulty was not examined in this study, and warrant further research. In prostate cancer only, married prostate cancer survivors were less likely to report falls than those who were unmarried. Marital status, however, was not linked to balance/walking difficulty. In older men with prostate cancer, marriage was found to protect against inflammation [48] and promote behaviors in seeking healthcare [49] . In comparison with those who were not married, married prostate cancer survivors might have received more care and support to reduce fall risk, such as using assistive device, checking footwear, and modifying home environment for safety. Supportive care to reduce fall risk may be pertinent in older, unmarried prostate cancer survivors.
In older adults, female gender is a significant predictor of falls [3] , while risk factors for falls differ between genders [50] . Among older cancer survivors treated with neurotoxic chemotherapy, women were more likely to fall than men [44] . We did not find gender to be independently associated with falls or balance/walking difficulty in colorectal or lung cancer.
Similar to prior studies [10, 19, 22, 44, 51, 52] , we found significant associations of healthrelated factors with falls and balance/walking difficulty. ADL dependence was the only independently factor linked to both falls and balance/walking difficulty in breast, colorectal, lung, and prostate cancer. In all four cancer types, depression was an independent factor of falls whereas sensory impairment was an independent factor of balance/walking difficulty. Other health-related factors linked to falls or balance/walking difficulty differed across cancer types. Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors Current findings underscore the need to manage impairments, functional deficits, and burden from comorbidity that may be associated with falling in older cancer survivors. Research suggested integrating comprehensive geriatric assessment (CGA) into oncology practice to guide cancer treatments and survivorship care [53] [54] [55] . CGA identifies comorbidity and functional impairments that may increase fall risk and warrant referrals for rehabilitation [19, 56] . Except for lung cancer, comorbidity was an independent factor of both falls and balance/ walking difficulty in other cancer types. Lung cancer survivors are more likely to be diagnosed at advanced stages and receive aggressive cancer treatments resulting in a multitude of side effects [40] . It is possible that disease burden and symptoms from lung cancer itself has a larger impact on overall body function than other comorbidity. Findings from current and prior studies of cancer survivors showed that with each additional comorbidity, the odds of reporting falls increased by 10%-20% [19] . In the general geriatric population, comorbidity is also an important risk factor of falls [3] and walking difficulty [39] . Impairment from some chronic conditions, such as arthritis and stroke, increases fall risk [19, 57] . This study only examined the total number rather than the type of chronic conditions with relaiton to fall or balance/ walking difficulty. Previous research of the SEER-MHOS data reported that after a cancer diagnosis, older cancer survivors developed different types of chronic conditions depending on the cancer type [58] . For example, in prostate cancer, musculoskeletal, major depression, gastrointestinal and pulmonary coditions were the most prevalent conditions. In breast cancer, the prevalence of diabetes and high blood pressure were the highest [58] . Future research is necessary to elucidate the impact of newly developed chronic conditions after a cancer diagnosis on falls and balance/walking difficulty within each cancer type.
We found that ADL dependence was independently linked to falls and balance/walking difficulty in all cancer types. Compared to those without ADL dependence, survivors with ADL dependence had two-to four-fold increase in fall risk. Additionally, ADL dependence increased the risk for balance/walking difficulty by three to thirteen times. In older adults, both improvement and deterioration in ADL over 6 years had been linked to falls [59] . In older cancer survivors of mixed cancer types, balance/walking difficulty was significantly associated with distress in managing household activities [16] . Individuals with improved ADL Factors associated with self-reported falls, balance or walking difficulty in older cancer survivors may be exposed to higher fall risk due to better mobility and function [59] . Incorporate ADL training into fall-prevention and balance/walking intervention programs may need to be considered in older cancer survivors. Depression was independently associated with falls in all cancer types, and with balance/ walking difficulty in breast, colorectal, and lung cancer. Depression is associated with decreased physical activity, sleep disorder, cognitive impairment, and use of antidepressant, which collectively increase fall risk in older adults [60] . Individuals with depression had impaired balance response, which may be related to deficits in integration of visual and proprioceptive inputs to control posture [61, 62] . Previous research of older survivors of mixed cancer types reported that depression increased the odds of falling [63] . However, in older cancer survivors who were receiving chemotherapy, depression was not associated with falls [56] . Because the SEER-MHOS linkage does not include chemotherapy data, this study could not determine whether the impact of depression varies by cancer treatment. No other study has examined the relationship between depression and balance/walking difficulty in older cancer survivors. Urinary incontinence was independently associated with falls in breast, lung, and prostate cancer. In breast and prostate cancer, urinary incontinence was also an independent factor of balance/walking difficulty. Previous research identified urinary incontinence as a risk factor for falls in older survivors with mixed cancer diagnoses [51] or advanced cancer [23] . Urinary incontinence is a complication of prostate cancer treatment [64] . Prevalence of urinary incontinence is higher in breast and prostate cancer survivors compared to non-cancer controls [65] Urinary incontinence is recognized as a geriatric syndrome that often co-exists with other chronic conditions [66] .
In all cancer types, sensory impairment was an independent factors of balance/walking difficulty. In colorectal and lung cancer only, sensory impaired was independently linked to falls. We defined sensory impairment as numbness, tingling, burning, loss of decreased ability to feel in the feet in the previous 4 months. Sensory impairment is a common complication of neurotoxic chemotherapy and contributes to balance and walking problems [67] . In breast cancer survivors, poor performance in balance and walking was attributed to impaired ability to integrate sensory information from visual, vestibular, and somatosensory systems [24] . SEER-MHOS does not provide the information about chemotherapy. As such, whether sensory impairment observed in this study was related to chemotherapy or other conditions, such as peripheral neuropathy from diabetes [68, 69] , cannot be acertained.
The extent of pain interfering with work was not associated with falls in all cancer types. A study of older cancer survivors showed that pain measured by Visual Analog Scale was linked to falls [52] . Cancer-related pain is an important factor associated with falls in survivors with advanced cancer [23] . We determined pain based on one MHOS question asking how often in the past 4 weeks, pain interfered with normal work. The question did not identify the location or nature of the pain. A comprehensive questionnaire specific to cancer, such as Edmonton Classification System for Cancer Pain, may elucidate the relationship between pain and falls in cancer survivors [23] . This study found that pain was an independent factor of balance/walking difficulty in prostate cancer only. In localized prostate cancer survivors, 69.6% reported pain in the past 3 months [70] . Additionally, 72.5% of pain was located at back, lower abdomen, lower extremity, or hip. 69 Older prostate cancer survivors may encounter more difficulty in balance and walking because pain is prevalent and primarily involves the lower body in this population.
In this study, age at cancer diagnosis was the only cancer-related independent factor associated with falls and balance/walking difficulty in all cancer types. Age is a risk factor for falling in older adults [3] . We found that the odds for reporting falls and balance/walking difficulty increased by 3%-11% and by 2%-6%, respectively, with each additional year of age at cancer diagnosis. In survivors with advanced cancer or chemotherapy induced peripheral neuropathy, age did not predict falls [23, 67] . Age, specifically chronological age as measured in this study, is unlikely the key driver of falls and balance/walking difficulty in older cancer survivors. Research of SEER-MHOS linkage reported that older cancer survivors had greater declines in physical function over time than age-matched controls [71] . Cancer treatment has long-lasting impact on non-tumor cells. Vulnerabilities of genome instability, epigenetic changes, and cellular senescence likely interact with age, leading to accelerated aging observed in cancer survivors [72] .
In breast cancer only, localized or regional cancer stage was independently associated with increased odds of falls and balance/walking difficulty. Previous research reported no associations between falls with cancer stage, cancer type, or time post-cancer diagnosis in older survivors of mixed cancer types [10] , and in postmenopausal breast cancer survivors [73] . Treatments for advanced breast cancer, particularly neurotoxic chemotherapy, cause a wide variety of side effects affecting body systems. Medications prescribed to manage symptoms in advanced cancer, such as anticonvulsants, antidepressants, and antipsychotics [23, 74] , are known to increase fall risk and affect physical function in older adults [75] . Cancer symptoms and treatment complications specific to each cancer types likely influence the associations of cancer stage with falls and balance/walking.
In breast cancer only, radiation was independently associated with reduced odds of falls, but not balance/walking difficulty. Radiotherapy is the local treatment of choice in breast cancer. Radiotherapy improved long-term outcomes and survival by reducing breast cancer recurrence and mortality [76, 77] . This study confirmed additional benefit of radiation by reducing fall risk in breast cancer. Reasons for omitting radiotherapy, such as cultural beliefs, limited access to healthcare, previous breast irradiation, inability to lie flat or abduct the arm, or having collagen vascular disease [78, 79] were not available from SEER-MHOS linkage [29] .
This study has limitations. First, because of cross-sectional design, associations between factors with falls and balance/walking difficulty cannot be construed as causal relationships. Second, SEER-MHOS does not include information about chemotherapy or hormonal therapy [29] . Third, the time when a condition or impairment developed cannot be identified from SEER-MHOS data. Fourth, primary outcomes were obtained by self-report and subject to recall bias [38] . Lastly, MHOS randomly surveyed Medicare Advantage beneficiaries, which have more risk factors and lower function than other Medicare beneficiaries [80] .
Conclusion
Each of the four cancer types being examined in this study has unique patterns of demographics, health-and cancer-related factors that are independently linked to falls and balance/walking difficulty. In breast, colorectal, lung and prostate cancer, ADL dependence and age at cancer diagnosis were common independent factors linked to both falls and balance/walking difficulty. In all four cancer types, depression was an independent factor of falls whereas sensory impairment in feet was an independent factor of balance/walking difficulty. These findings have important implications in screening for older cancer survivors at risk of falls and balance/walking difficulty.
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